The present investigation was made to study the effect of different concentrations of sodium chloride on biochemical activity in different parts of Clerodendron inerme. The plant could survive a wide range of 100 to 500 mM of NaCl concentrations. The upper limit for the survival of this species was 500 mM NaCl. However, favorable growth response by seedling was confined to 200 mM NaCl. Biochemical compounds such as amino acid, sugar, protein, proline, glycinebetaine, and pigment chlorophyll content was increased up to 200 mM NaCl.
INTRODUCTION
Worldwide, more than 800 million hectares of land are salt affected, and tolerance to this salinity differs greatly among plant species (Munns and Tester, 2008) . In India alone, about 30 million hectares of coastal land is lying barren and uncultivable because of soil affected by salinity.
Stresses associated with temperature, salinity and drought single or in combination are likely to enhance the severity of problems in the coming decades (Claussen et al., 1985) . Salt stress in soil or water is one of the major stresses especially in arid and semi-arid regions and can severely limit plant growth and productivity (Allakhaverdiev et al., 2000; Koca et al., 2007) .
Plant water stress is often the most prominent physiological response associated with increase in soil and / or water salinity (Munns, 2002) . Salt tolerance has been attributed as the primary factor in shaping vegetative structures, including biomass and species composition of coastal and estuarine wetlands (Bertness, 1991; Pennings et al., 2001) .
The ability to undergo rapid osmotic adjustments is important for plants residing in brackish marshes where both water availability and salinity may fluctuate considerably over a single tidal period (Woernor and Hackney, 1997) . Controversial data exist regarding the question of whether halophytes require saline conditions for their existence and vigorous growth or merely tolerate them. Halophytes vary in their requirement of NaCl for optimum growth and photosynthesis. Adaptation of halophytes to salty conditions includes high tolerance for the negative effects of salinity as well as positive reaction towards it. One of the major factors in the salt tolerance is believed to be the existence of succulence.
Halophytes survive salt concentration equal to or (Ungar, 1991) . Salt tolerance in halophytes is brought about by a variety of physiological mechanisms and morphological adaptations. Adaptations of halophytes to the saline environment include high tolerance for the negative effect of salinity as well as positive reaction towards it. The compartmentation of ions in the vacuoles and accumulation of compatible solutes in the cytoplasm and presence of genes for salt tolerance confer salt resistance to halophytes (Gorham, 1995) .
Clerodendron inerme is a straggling shrub, native to India. The branches are slender, glabrous and green throughout the year. It was naturally growing in abundance on both sides of sea-coasts in tidal forest. This species are used for Guam, the bitter root, leaves and wood are used by natives as a remedy for intermittent fevers. Leaves and roots, in tincture and decoction, used as substitutes for quinine. Elsewhere the root, boiled in oil, is applied like a liniment for rheumatism.
The present study was made to investigate the salt tolerance of C. inerme.
MATERIALS AND METHODS

Plant material
The mature stem cuttings were collected from salt marshes in the mangrove area of Pichavaram, on the east coast of Tamilnadu, India about 10 km east of Annamalai University Campus.
Growth conditions
The stem cutting of C. inerme (3 cm long with one node and 2 opposite leaves) was propagated and planted individually in polythene bags (7"× 5") filled with homogenous mixture of garden soil containing red earth, sand and farm yard manure (1:2:1). The cuttings were irrigated with tap water and maintained in the Botanical Garden, Annamalai University.
Salt treatment and experimental design
One month old well established cuttings were selected and treated with varying concentrations of NaCl (100 to 1000 mM). The experimental yard was roofed with transparent polythene sheet at a height of 3 m from the ground in order to protect the plants from rain.
Sampling for various studies was taken on the 60th day after NaCl treatment. The free amino acid, total sugar, starch, protein, proline, glycinebetaine and pigment content were estimated.
Determination of biochemical parameters
Leaf, stem and root tissues were treated with 80 ℅ boiling ethanol for taking extractions (5 ml extract representing 1 g tissue). One ml of ethanol extract was taken and neutralized with 0.1 N NaOH using methyl red indicator. One ml of Ninhydrin reagent was added. The content was boiled in a water bath for 20 min. To the test tube, 5 ml of diluting solution (Equal volume of distilled water and n-propanol) was added, cooled and diluted to 25 ml with distilled water. The absorbance was measured at 570 nm in a Spectrophotometer (U-2001, HITACHI) . The free amino acids were determined using the method of Moore and Stein (1948) .
The total sugar content was determined according to Nelson (1944) . 1 ml of ethanol extract taken in the test tubes was evaporated in a water bath. To the residue, 1 ml each of distilled water and 1N H2SO4 were added and incubated at 49°C for 30 min. The solution was neutralized with 1 N NaOH using methyl red indicator. 1 ml of Nelson reagent was added to each test tube. The test tubes were heated for 20 min in a boiling water bath, cooled and 1 ml of arsenomolybdate reagent was added. The solution was thoroughly mixed and diluted to 25 ml and read at 495 nm in a Spectrophotometer (U-2001, HITACHI) .
The total protein content in the plant sample was determined using a Spectrophotometer procedure as per Lowry et al. (1951) . 500 mg of plant tissues was well grained with pestle and mortar using 10 ml of 20℅ TCA. The homogenate was centrifuged for 15 min at 6000 rpm; thereafter the supernatant was discarded. To the pellet, 5 ml of 0.1 N NaOH was added and centrifuged. The supernatant was saved and made to 5 ml with 0.1 N NaOH. From the extract, 0.5 ml of the sample was taken in a 10-ml test tube and 5 ml of reagent 'C' was added. The solution was mixed well and made to stand for 10 min in darkness. Later, 0.5 ml of Folin-Phenol was added with vigorous mixing. The mixture was kept in dark for 30 min. The sample was read at 660 nm in a Spectrophotometer (U-2001, HITACHI). Blank was prepared without protein sample. Standard graph of protein was prepared by using 5th fraction of Bovin's Serum Albumin.
The proline activity was assayed according to Bates et al. (1973) . Five hundred mg of plant tissue was homogenized in 10 ml of 3% aqueous sulphosalicylic acid. The homogenate was filtered through Whatmann No.42 filter paper. Two ml of acid ninhydrin (1.25 g ninhydrin in 30 ml of glacial acetic acid and 20 ml of 6 M phosphoric acid) and 2 ml of glacial acetic acid in a test tube was heated for an hour at 100°C. The reaction mixture was extracted with 4 ml of toluene and mixed vigorously by using a Vortex mixture for 15 to 20 s. The chromophore containing toluene was aspirated from the aqueous phase. The absorbance of the toluene layer was measured in a Spectrophotometer at 520 nm using toluene as blank.
The glycinebetaine content in the plant sample was determined using a Spectrophotometer procedure of Grieve and Grattan (1983) . Five hundred mg of finely ground dried plant samples was mechanically shaken with 20 ml of de-ionized water for 24 h at 25°C. Time required for this step was determined by extracting the plant samples for 1, 4, 16, 24 and 48 h. The samples were then filtered and filtrates were stored in the freezer for analysis. Thawed extracts were diluted with 2 N H2SO4 (1:1). The acid potassium triiodide solution for total QACs was prepared by dissolving 7.5 g resublimed iodine and 10 g potassium iodide in 1 M HCI and filtered (Speed and Richardson, 1968) . Precisely, 0.2 ml of acid potassium tri-iodide reagent was added to an aliquot of sample containing between 10 to 15 µg of QACs in water. The mixture was shaken and left for at least 90 min in an ice bath with intermittent shaking. Two ml of ice-cold water was added rapidly to the mixture to reduce the absorbance of blank and to improve replication. This was quickly followed by 10 ml of 1, 2-dichloroethene in ice, and the 2 layers mixed well and kept at 4°C (Storey and Wyn Jones, 1977) . The absorbance of the lower organic layer was measured at 365 nm in a Spectrophotometer. The results are expressed as glycinebetaine equivalent by using glycinebetaine for standard value.
500 mg pigments assays of fresh leaf tissue of each treatment was extracted in 10 ml 80% acetone and absorbance of extracts was recorded at 645 and 663 nm as per Arnon (1949) . 
RESULTS
Salinity induced biochemical responses
Amino acid
The results on the effect of NaCl salinity on the free amino acid are presented in Figure 1 . The amino acids content of the leaf, stem and root decreased with increasing NaCl concentrations up to 200 mM and the higher concentrations showed a gradual increase up to 500 mM NaCl. Above 500 mM NaCl concentration, the cuttings did not survive. However, the highest value obtained in the leaf at 500 mM NaCl was 17.09% less than that of control. A similar trend was also seen in the stem and root tissues. At all concentrations, the root showed lower levels of amino acids when compared to those of leaf and stem.
Sugars
Total sugar content decreased in the leaf, stem and root with increasing NaCl up to 200 mM and at higher concentrations, salinity gradually increased the total sugar content up to 500 mM NaCl (Figure 2 ). Above 500 mM NaCl concentration, the cuttings did not survive. The leaves showed more total sugar content than the stem and root. The optimum concentration of 200 mM NaCl decreased the total sugar content and it was 9.90, 29.32 and 27.24% on 60th day respectively.
Protein
The effect of NaCl on the protein content in the leaf, stem and root are given in Figure 3 . There was a gradual rise of protein in all the three tissues on all the sampling days with increasing NaCl up to 200 mM and at higher concentrations it steadily declined.
Proline
The effect of NaCl on the proline content in the leaf, stem and root are given in Figure 4 . There was a gradual rise in the level of proline in all the three tissues on all the sampling days with increasing NaCl concentration up to 500 mM. Above 500 mM NaCl concentration, the cuttings did not survive. The leaf always had more proline than that of stem and root.
Glycinebetaine
The data on the effect of NaCl salinity on the glycinebetaine content of leaf, stem and root of C. inerme are given in Figure 5 . There was a considerable increase in the accumulation of glycinebetaine with increasing salinity up to 500 mM and the increase was 60.26, 66.54 and 62.39% higher when compared to that of control on 60th day.
Chlorophyll
Sodium chloride treatment stimulated the chlorophyll synthesis in the leaves (Figure 6 ). An increasing trend in chlorophyll content of the leaf was noticed with increasing NaCl concentration up to 200 mM; thereafter it declined steadily. The maximum accumulation of total chlorophyll synthesis was recorded at 200 mM and this was 26.58% increase over that of control on 60 th day after salt treatment. The chlorophyll 'a' was always higher than that of chlorophyll 'b' at all concentrations on all the sampling days. The chlorophyll a/b ratio was more than 1.
DISCUSSION
Amino acid
The total free amino acid content was found to decrease gradually with increasing concentrations of NaCl treatment up to 200 mM. Further increase of external NaCl was found to increase the free amino acid accumulation. Greater accumulation of amino acids was also observed in halophytic plants of Aeluropus logopoides and Sporobolus madraspatanus in response to increased seawater salinity in growth medium (Joshi et al., 1996; Joshi and Misra, 2000) . Sodium chloride stress increased the total amino acid and proline contents in all parts of the seedlings. The accumulation of free amino acids in salt stressed plants may be due to a reduction in the incorporation and conversion of amino acid into protein as observed by Hurkman and Tanaka (1987) . Similar observations were made in Arachis hypogeal (Girija et al., 2002) and in Sorghum (Azooz et al., 2004) . The amino acid is considered as one of the compatible solutes that accumulate in the cells and maintains the osmotic balance between the cells and the outer environment (Kim et al., 2001; Jain et al., 2001 ). The highest free amino acid accumulation was found in the case of the forest -sensitive Triticum monococcum (Simon-Sarkadi et al., 2001 and Helianthus annuus (Manivannan et al., 2008) .
The total amino nitrogen pool of Disphyma australe increased as salinity increased to 500 mM NaCl (Neales and Sharkey, 1981) . Sodium chloride salinity decreased the amino acid pool in Rhizophora apiculata and Avicennia marina (Rajendran and Kathiresan, 2000) and Aegiceras corniculatum (Parida et al., 2004) . Under higher salinities, there was a decline in aspartic and glutamic acid content and an increase in proline in Suaeda nudiflora (Joshi and Iyengar, 1987) .
Sugars
Sodium chloride salinity levels in C. inerme increased the starch content up to 200 mM, but decreased the total sugar content of the leaf, stem and root. On the other hand, a decrease in the starch content and increase in total sugar content were observed after treatments with 500 mM NaCl.
Sugars are source of energy and carbons needed for adaptive and /or defensive responses of stresses. In addition, sugars such as raffinose and sucrose are indicated to have important roles in protecting cells from water stress; they are solutes available for osmoregulation or function as protectants of molecules and membranes (Bray, 1997) .
Starch also accumulated in water treated cotyledons. Sucrose is considered to be the primary substrate for starch synthesis (Duffus and Duffus, 1984) . It has been reported that the concentrations of sucrose and starch increase in excised and illuminated leaves of egg plants (Claussen et al., 1985) . It is also known that starch content increases under the conditions where sucrose content is increased (Nakamua et al., 1991) .
An increasing sugar content and corresponding decrease in the starch at higher salinities have been reported in several halophytes (Prado et al., 2000; Joshi et al., 2002; Ashraf and Harris, 2004 ). An increase in soluble carbohydrate content, principally sucrose in both monocotyledons and dicotyledons has been associated with an adaptation to saline conditions among higher halophytes (Wang et al., 1996) . The increase in starch content and decrease in total sugar content can be attributed to the role of sodium to a certain level on stomatal opening (Eshel et al., 1974) . Potassium ions may also play an important role in photosynthesis and starch metabolism . The increase in starch may be due to increase in the nitrogen content which plays an important role in photosynthesis (Cook and Evans, 1983) .
Protein
The changes in soluble protein showed a reverse trend to that of free amino acids implying that the increase in protein content may be at the expense of the amino acids and that the salinity changes influenced the inter conversion of these compounds. Similar findings were observed in various halophytic species such as S. madraspatanus (Joshi and Misra, 2000) and Heleochola setulosa (Joshi et al., 2002) .
In halophytes, the protein content increased with increasing concentrations such as Atriplex satidea (Flowers and Dalmond, 1992) , and Heleochola setulosa (Joshi et al., 2002) and Thellungiella halophila (M'rah et al., 2006) . In general, the protein content increased with increasing concentration up to an optimal level. Beyond the optimum level, the protein content decreased in Phalaris arundinaceae (Maeda et al., 1995) , Sesuvium portulacastrum (Venkatesalu et al., 1994) , Ceriopsrox burghiana (Rajesh et al., 1999) and H. annuus (Manivannan et al., 2008) .
Protein content in the tissues of many plants declined under drought or salinity stress, because of proteolysis and decreased protein synthesis (Joshi and Misra, 2000) . The marginal change in the protein content and protein profile, A. corniculatum suggests that NaCl exposure affects protein synthesis or proteolysis minimally in this plant. Several reports are highly decreased protein contents of leaves in glycophytes (Alamgir and Ali, 1999; Gadallah, 1999; Wang and Nil, 2000) even in a nonsecreting mangrove Bruguiera parviflora (Parida et al., 2002) in response to salinity. Proteins may be synthesized in response to salt stress or may be present constituently at low concentration and increase when plants are exposed to salt stress (Pareek et al., 1997; Bartles and Sunkar, 2005) .
Proline
The accumulation of proline was more in the leaf tissues than in the stem or root tissues of NaCl treated plants.
The maximum accumulation of proline was observed at 500 mM concentration. A positive correlation existed between the proline content and salinity treatments. Proline constitutes a major portion of the amino acid pool in different halophytic angiosperms (Treichel, 1975) . Among all the amino acids, proline is the most stable and less toxic for cell growth and is more resistant for oxidative acid hydrolysis in plants subjected to stresses (Palfi et al., 1974) .
The actual role of proline accumulation remains unclear (Rhodes et al., 1999) but it has been speculated that it can serve as an osmoprotectant (Pollard and Wyn-Jones, 1979) , a protector of enzyme denaturation (Paleg et al., 1984) , as stabilizer of macromolecules or molecular assemblies (Schwab and Gaff, 1990 ) a reservoir of nitrogen and carbon sources (Fukutaku and Yamada, 1984) . Amino acid proline is known to occur widely in higher plants and normally accumulates in large quantities in response to environmental stresses (Kavikishore et al., 2005) . In addition to its role as an osmolyte for water economy. Proline helps stabilize sub cellular structures (e.g membranes and proteins), scavenge free radicals and buffer cellular redox potential under stress conditions (Ashraf and Orooj, 2006) . Proline accumulation appears as a consequence of a disturbance of cell homoeostatic and /or of an increase in the use of photosynthesis products for proline biosynthesis at the expense of plant growth (Ghars et al., 2007) . Recent studies indicate that adaptation to salinity is closely associated with proline accumulation. A significant increase in proline content was found only at high salinity (Wang et al., 2006) .
Increased proline content with increasing salinity has been reported in S. portulacastrum (Venkatesalu et al., 1994) , Atriplex griffithii (Khan et al., 2000) , Bruguiera gymnorrhiza (Takemura et al., 2000) and A. corniculatum (Manikandan and Venkatesan, 2004) and S. portulacastrum (Slama et al., 2008) .
Glycinebetaine
The substantial increase in the glycinebetaine content was noticed with increasing NaCl concentrations up to 500 mM. The accumulation was comparatively more in Silambarasan and Natarajan 1157 the leaves. Glycinebetaine is considered to be a compatible solute in salt tolerant plants and it occurs primarily in the cytoplasm (Gorham and Wyn Jones, 1983) . Glycinebetaine protects the photo system II (PS II) complex by stabilizing the association of the extrinsic PS II complex proteins in the presence of salt (Murata et al., 1992) . A positive relationship between salt concentrations and accumulation of glycinebetaine was reported for a number of halophytes (Rhodes and Hanson, 1993; Khan et al., 2000) . Mangroves store high concentrations of proline and glycinebetaine in their leaves (Michael et al., 2003) . In higher plants, the pathway of glycinebetaine synthesis is short and straightforward, choline to betaine dehydrogenate (BADH) convert this to glycinbetaine . Gorham (1995) reported the accumulation of glycinebetaine as an osmoticum in the cytoplasm when plants were exposed to increasing salinity. It is hypothesized that plants partition Na + and Cl -in cell vacuoles and that glycinebetaine serves as a balancing osmoticum in the cytoplasm. Glycinebetaine is a compatible solute and this suggested that salt probably appears to be concentrated in vacuole and glycinebetaine accumulated in the cytoplasm (Takemura et al., 2000) .
Chlorophyll
Sodium chloride salinity stimulated chlorophyll synthesis up to optimum concentration of 200 mM and at higher concentrations, the chlorophyll content decreased gradually. The maximum chlorophyll synthesis was observed in halophytes grown in natural saline soil when compared to control. These results suggested a positive effect of NaCl salinity on chlorophyll synthesis in the halophytes such as S. protulacstrum (Venkatesalu and Chellappan, 1993) , Bruguiera cylindrical (Oswin et al., 1994) and R. apiculata (Oswin et al., 1994) ; Chlorophyll 'a' to 'b' ratio increased with increasing NaCl concentrations in Sesuvium (Ramani et al., 2006) . Similar results have been reported for other halophytes that increased the chlorophyll content with increasing salinity up to an optimal level; Rhizophora mangle (Warner and Stelzer, 1990) , Ipomoea pes-caprae (Venkatesan et al., 1995) , Flaveria trinervia (Apel et al., 1995) and C. burghiana (Rajesh et al., 1998) .
Decrease of chlorophyll is mainly attributed to the destruction of chlorophyll 'a' which is considered to be more sensitive to salinity than chlorophyll 'b' (Singh and Dubey, 1995) . The salt induced weakening of proteinpigment-lipid complexes or enhanced activity of chlorophylls (Rao and Rao, 1981) . Decrease in the chlorophyll content under different salinity levels has been reported in a number of halophytes as well as crop species like A corniculatum (Shindle and Bhosale, 1985) , lemon leaves (Nieves et al., 1991) , mulberry leaves (Ramanjulu et al., 1993) and rice seedlings (Singh and Dubey, 1995) .
Conclusion
The present study shows that C. inerme is a moderately salt tolerant species. Sodium chloride salinity stimulated its growth, ion and mineral constituents, organic constituents and certain key enzymes up to the optimum concentration of 200 mM NaCl. Hence, it is concluded that this species could be recommended for cultivation in salt affected soils to reduce the soil salinity level.
